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Description 

BACKGROUND OF THE INVENTION 

Field of Invention s 

The field of the present invention relates generally 
. to an inhaler device for aerosol delivery of medicine. 
l\^ore particularly, the present invention is directed to a 
device for improving medication compliance by provid- io 
ing feedback regarding correct and consistent usage-of 
medicine inhalers to a patient and/or professional such 
as a physician, pharmacist, or therapist. The present 
invention is further directed to a method by which such 
professionals can track the usage of medicine inhalers is 
between visits, and modify medicinal therapy based on 
downloading of this information to a clinical workstation 
allowing display and analysis. 

TTie Prior Art 20 

Getting patients to correctly use medicine inhalers 
is a major problem. Estimates indicate as few as one 
quarter of patients using inhalers do so correctly [Ore- 
hek, J., "Patient Error in Use of Bronchodilator Metered 25 
Aerosols " British Medical Journal. 1:76 (1976); Pater- 
son. I.e. and G.K. Crompton, "Use of Pressurized Aero- 
sols by Asthmatic Patients." British Medi cal Joumal. 
1:7677 (1976); Saunders, K.B., "Misuse of Inhaled 
Bronchodilator Agents," British Medical Journal . 30 
1:1037-1038 (1965); Shim, C, and M.H. Williams, "The 
Adequacy of Inhalation of Aerosol from Canister Neb- 
ulizers;" The American Journal of Medicine. 69:891 -894 
(1980)]. In addition to unnecessary patient morbidity 
and mortality, an unfortunate consequence is that 35 
patients may stop taking their medications because they 
are not seeing any or enough benefit. Conversely, hav- 
ing failed to obtain expected benefits through pre- 
scribed usage, some patients will overuse medications 
and ftlereby increase the risk of side effects caused by 40 
higher than normal dosages (e.g.. fungal infections in 
the mouth and throat or nervous system effects caused 
by medication absorbed in the gastrointestinal tract). 

These problems are specially evident in tine case 
of aerosol pharmaceuticals delivered by hand-held 4S 
inhalers. Hand-held metered dose inhalers (MDIs) are a 
prefen-ed method of treatment for common respiratory 
ailments, since the delivery of medication directly to its 
intended site of action in the lungs allows a reduction in 
dosage by an order of magnitude or greater. However, so 
certain of these compounds, such as anti-inflammatory 
corticcsteroids, may take many weeks of administi'ation 
before having a significant effect Moreover, the inhala- 
tion and breath-holding maneuver required for success- 
ful delivery of aerosol to the tower ainvays is ss 
counterintuitive and poorly understood by most 
patients. Thus, a patient may be compliant in using the 
medication when prescribed, but unsudcessful in using 




it in the correct manner. 

When therapeutic results are not obtained, it may 
not be evident to the physician which step(s) in ihe proc- 
ess are the problem. Relevant questions, for exanriple. 
are "was the medication not taken at all?", "was it taken 
at the correct intervals and in proper relationship to 
exposure to allergens or other irritants?", and "was the 
inhalation performed correctiy?". 

Ariother problem the physician faces is how to inter- 
pret variability in therapeutic response. Is the variability 
due to some fundamental change in the patient's condi- 
tion (e.o. . the patient now has a low-grade upper respi- 
ratory infection) or is it caused by differences in 
delivered medication dosage? 

Deposition of aerosol medication in the human lung 
is primarily determined by two processes, inertial 
impaction and gravitational sedimentation. Impaction of 
aerosols in the lungs occurs primarily at ainway bifurca- 
tions, and has been shown in scintigraphic studies to 
increase as a function of flow rate. Sedimentation 
involves gravitational settling of aerosol particles on tiie 
ainways and alveoli. Newman. S.P.. Pavia, p., Garland, 
N. and S.W. Clarke. "Effects of Various Inhalation 
Modes on ttie Deposition of Radioactive Pressurized 
Aerosols." European J. Respiratory Dis.. Supplement 
119. 63:57-65. (1982) demonstrated that the percent- 
age of aerosol deposited in the lungs of patients was 
significantly greater when the patients held their breath ■ 
for ten seconds than when breath holding was only four 
seconds. 

Thus, for aerosol to be deposrted in the lower air- 
ways, the primary site of acliofi for common medications 
such as corticosteroids and bronchodilators, the patient 
must coordinatethe release of medication, inhale slowly 
enough to minimize loss of medicine through impaction 
in the tiiroat and upper ainways, and breath hold long 
enough to allow time for small particles to settle. In prac- 
tice, this means an inhalation rate below one liter per 
second, and a breatti hold for up to ten seconds. 

A hand-held ( e.o.. metered or unK-dose) inhaler 
currentiy is a passive device that provides no informa- 
tion regarding the medication actually delivered. Orehek 
et al. found that only five of twenty asthmatic patients 
correctiy inhaled. "The other 15 patients failed eitiierto 
inspire deeply or hold tiieir breath aflenwards, or both, or 
pooriy coordinated the puff and the inspiration." Orehek 
et al:. "patient Error in Use of Bronchodilator Metered 
Aerosols." British Medical Journal. 1 :76. (1 976). 

For example, it has been found that in a group of 30 
acute asflimatic patients directiy observed in a clinical 
setting, 47% (1 4 patients) used incorrect technique. The 
fourteen patients with inadequate technique were then 
trained. Ten of them were retested after an interval of 
orie day to one morth. Five of the patients are stall using 
their inhalers correctly; the other five had reverted to 
their original incorrect techniques. Shim, C, and M.H. 
Williams, "The Adequacy of Inhalation of Aerosol from 
Canister Nebulizers," The American Journal of Medi- ' 
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cine. 69:891-894 (1980). 

The device and approach described herein would 
have provided immediate feedback to the patients that 
they had reverted to incorrect use of their inhalers, and 
provided them with specific guidance as to what con-ec- 
tive action was required. Thus, retraining would not 
have had to wait until their next visit to ihe dinic. 

The present approach also fosters the delivery of a 
uniform dose to the target sites of the patient's lungs 
upon each inhaler usage with the expectation of con- 
sistent therapeutic response. Thus, if the patient's 
synptoms or condition changes, the physician can eval- 
uate the change with reasonable assurance that the dif- 
ference is not simply due to a variation in medication 
dosage. By making data regarding the patient's inhaler 
use during the entire period between dinic visits availa- 
ble to the physician, therapy can be managed ori a rnore 
informed basis. 

It has been observed that, The lung presents a sig- 
nificant barrier to the penetration of drug particles of a 
size small enough to maximize therapeutic efficacy." 
Padfield, J.M., "Principles of Drug Delivery to the Respi- 
ratory Tract", Drug Delivery to the Respiratory Tract. 
Ganderton, D., and Jones, T, ed., Honwood, London 
(1987). Padfield concludes "The design of delivery sys- 
tem for administering drugs to the lung can have as 
much, or more, impact as the choice of drug." (id ) Pre- 
vious attempts to improve the effectiveness of aerosol 
medidne inhalers indude a number of devices including 
spacers, aerosol holding chambers, flow-activated trig- 
gering mechanisms, and dry powder generators. 

The problem of medicine deposition in the mouth 
and throat can be alleviated in some cases by the use of 
a tube spacer, an extension tube inserted between the 
metered unit-ck)se inhaler and he patient's mcxrth. This 
procedure still requires coordinated patient adion and 
in itself provides no feedback to the patient as to the 
success or failure of the overall effort. 

Another approach to improving MDI usage Is the 
use of chambers or reservoirs into which the aerosol is 
discharged prior to inhalation. Such devices reduce the 
need for coordination of actuation and start of inhala- 
tion. A widely used device is described in Sackner, eL 
aL U.S. Patent No. 4,484,577, 1984. This device aiiso 
provides an audible whistle when the inspiration rate is 
above a fixed level. The device fails to address inter- 
patient variations in con-ect inhalation patterns, as well 
as the breath-holding stage. A common drawback of all 
chamber devices is their bulk. Such devices may not fit 
conveniently in a pocket or purse, and many patients 
, are unwilling to use such large devices due to self-con- 
sciousness. The process in accordance with the 
present invention can be used in-espective of wliether a 
tube spacer or a reservoir is used. 

Conventional systems also include several inhaler 
devices, which address the coordination problem by 
incorporating a means of triggering the medication 
release by the start of inhalation. Such devices have 



been described by Wass, U.S. Patent No. 4,664.107 
1987. and Johnson et. al.. U;S. Patent 4,803.978 1989. 
Shaner, U.S. Patent 4,739.754. 1988 describes a "Suc- 
tion Resistant Inhaler" whose design fosters a deep 

5 inhalation by the patient. 

Other conventional devices have incorporated elec- 
tro-mechanical components in order to record the tinfting 
arxi date of usage for review by a healthcare profes- 
sional. Spector, et. al. . "Compliance of Patients with 

10 Asthma with an E}q}erimental Aerosolized Medication: 
Implications for Controlled Clinical Trials." Journal of 
Allerov & Clinical Immunoloov. 77:65-70 (1986) dis- 
closes the use of a nebulizer chronolog to record the 
patients usage of MDIs between clinic visits. This incor- 

is porates a device for recording the time and date of each 
canister actuation for later review by physicians con- 
ducting research on patterns of patient compliance. 
This device lacks the capability for obtaining any infor- 
mation regarding the inspiratory maneuver itself. Fur- 

20 thermore, since the intention of the study was to recoid 
patients' MDI usage patterns without their knowledge, 
the device not provide any feedback to the patients 
regarding proper inhalation technique. 

Similar devices are described by Rand et. al. . U.S. 

25 Patent 4,817.822, 1989. and Dessertine, US. Patent 
5,020,527, 1991. The Rand device incorporates a 
mechanical rachet wheel and driving member to drive 
an indicator of the number of actuations of an aerosol 
canister, the Dessertine device provides a timer and a 

30 counter for tracknig the number of and time between 
actuations. 

In the aforementioned devices tiie time course of air 
flow is not measured, nor is it conpared to the desired 
pattern for the spedfic patient as may be determined by 

35 a healthcare professional. Thus, these devices address 
only the aspect of compliance relating to if and when the 
medicine was used. In order to assess whether an aer- 
osol medication has been used effectiveiy, A is neces- 
sary to further determine information regarding ttie 

40 patient's coordination of actuation and inspiration, vol- 
ume and flow rate of inspiration, and post-inspiralory 
breatii holding. 

In summary, conventional devices fail to adequately 
address the need for immediate patient feedback 

45 regarding multiple steps in tiie correct use of inhalers. 
These devices are also inadequate in providing informa- 
tion to both patient and healtiicare professional regard- 
ing the critical factors which determine the success of 
medicine delivery, including coordination of inhalation 

so with actuation, inhalation flow rate and duration of 
breath holding. 

What is needed is a hand-held inhaler device which 
can monitor tiie complete time course of airflow during 
an inhalation, and which possesses tiie capability to 

55 guide the patient in its conrect usage before, during, and 
after use. What is also needed is such an inhaler whose 
functions include the capacity jto record relevant infor- 
. mation about tiie timing and nature of its use for siAse- 
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quent review by a healthcare professional. 

Patent Specification No. WO-A-90/10470 discloses 
a device having the features of the pre-characterising 
part of Claim 1 . 

The present invention is directed to a device char- 
acterised in that said means for performing logical oper- 
ations further comprises a motion sereor means for 
detecting if said canister is shaken prior to each actua- 
tion. 

The present invention is further directed to a 
method according to claim 29. 

The present device detects how much £u"r is inhaled 
through ttie inhaler with what time course (including 
such derived measurements as how much volume is 
inspired within the bounds of a given flow range) as well 
as certain events such as the triggering of the release of 
aerosol. The system can be set up to compare the 
resultant time course to either (a) a standard target 
envelope (e.g.. one or more of flow, volume, and time) 
for that medication or (b) a specific target envelope for 
that particular patient programmed into the intelligent 
inh^ation device by a healthcare professional. Based 
on the comparison, the success or failure of effective 
inhaler actuation and aerosol inspiration can be sig- 
naled to the patient (e^ visually or through sound) and 
may bei recorded with a time and date stamp for later 
decoding and evaluation by a suitable healthcare pro- 
fessional. In a preferred embodiment of the invention, 
the device would afeo possess the ability to signal the 
patient to continue ppst-inspiratory breath-holding, and 
record the end of breath holding for use in interpreting 
the success of medication delivery. 

In addition, immediate feedback can be supplied to 
the patient as to the specific nature of any mistakes 
made. For exariiple, a message might be given that the 
patient's inhalation was too rapid. 

In a prefen-ed embodiment of tiie invention suffi- 
cient memory is provided to store data from a large 
nun*er of inhalations. This automated record may be 
used in conjunction with a mafiual log tept by the 
patient Cm. what event, such as exposure to an aller- 
gen, caused the need to administer the medication) or 
in a semi-automated fashion by having ttie patient or 
attendant encode event-related information into the 
inhaler device memory An example of the latter would 
be the pressing of a button in a certain pattern that 
would be associated with a specific event. This event 
information could be stored together with a time and 
date stamp. 

In an alternate embodiment of the invention, the 
inhaler device would possess the capability to signal the 
patient at the times for which its use has been pre- 
scribed. This signal could be provided by means of indi- 
cator light(s), audible beeps or tones, vbration of the 
unit, or some combination thereof. T'ming of such sig- 
nals would be programmed in accordance with standard 
br patierit specif ic prescriptions for usage. 

In another, afternate emlxxJiment of the invention. 



the inhaler device would be integrated with a holding 
chamber (resenrair) into which the aerosol is released 
prior to inhalation. The interior volume of this chamber 
would be large enough to al low for the expansion of the 
5 aerosol. Electronic functions remain the same as those 
provided in the non-chamber device. 

BRIEF DESCRIPTION OF DRAWINGS 

10 Rgure 1 is an oblique side view of the piresent intel- 
ligent inhaler device. 

Figure 2A is a side sectional view of the mechanical 
construction of the device illustrating major components 
including the incorporation of the type of pressurized 

15 canister most wWely used for dispensing metered 
doses of aerosols. 

Rgure 2B is a sectional view of an alternate 
mechanical construction incorporating a Venturi-type 
flowmeter. 

20 Rgure 3 illustrates typical messages and graphic 
output supplied to the patient or attendant tiy the device. 

Rgure 4 is a block cfiagram of electronics illustrating 
the overall architecture of the intelligent inhaler device 
Rgures 5A through 5E show the circuit diagrams for 
25 subsystems of the devica 

Rgures 6A and 6B are flow charts showing tiie 
overall processes for use of the intelligent inhaler by 
healthcare professional and patient. 

30 DFTAILED DESCRIPTION . 

The overall process of the present intelligent inhaler 
system is shown in Figure 6A which provides an over- 
view of the protocol for closing the therapeutic loop. The 

35 target profile envelope is selected and inserted (e g., via 
a clinical computer-based workstation). This target 
envelope is (a) a generic pattern, or (b) a tailored time 
course based on the patient's individual spirometric val- 
ues or other input, as appropriate. The device is used by 

40 tiie patient and at the next visit to the pfiysician's office, 
tiie utilization data are extracted and transfened to the 
dinicai workstation where they are reviewed by the phy- 
sician or ottier healthcare professional including analy- 
sis of trends with respect to previous periods. The 

45 prescription Is adjusted if and as appropriate and , if nec- 
essary, a new target profije for the given patient and 
medication is loaded into the intelligent inhaler device. 

Rgure 6B is an oven/iew of the process for utiliza- 
tion by tiie patient. Initially, the device reminds the 

50 patient that it is time to take tiie medication. This is used 
for medications, such as corticosteroids, which are 
taken over long periods of time rather than in an imme- 
diate reaction to, an acute event such as an asthrriatic 
episode. The device is tiien turned on and the release of 

55 aerosol triggered. 

Recording of data begns at the start of inspiration . 
or upon actuation of the medicgtion canister, whichever 
isearliests .. ■ : . 
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The actual time course of each inhalation is com- 
pared to the objective target time course, a comparison 
derived, and a signal given as to success or failure. At 
the end of inhalation, a timer is started which runs for 
the period of time during which the patient should hold 
his or her breath. At the end of ten seconds (or other 
period as specified), an auditory and/or visual signal is 
supplied to the patient The patient can press a button to 
signal then breath holding actually ended. In an alter- 
nate embodiment, he patient can signal that event by 
exhaling (at least initially) back into the hand-held 
device with the time recorded when an increase in air 
flow above a spedfied threshold is detected. 

In addition, suggestions for corrective action (e.g., 
hold breath for a longer time) can be given. 

Recorded data are stored for later readout into a 
record-keeping device (such as a computer-based clini- 
cal workstation in a physician's office) for interpretation 
and perhaps comparison to other time periods by a 
healthcare professional. 

An external view of the preferred physical embodi- 
ment is shown in Figure 1. Located in the housing .100. 
is a pressurized medication canister 102. An important 
feature is the ability to insert and utilize standard 
metered-dose inhaler canisters, although the device 
can be modified to support other containers as appro- 
priate. Communication with the patient occurs with input 
through push-button switch means 104, arid ou^ut 
through LED indicators 106 and LCD panel display 108. 
Communication to and from the clinical workstation in 
the office of the physician is through input/output data 
communication means 221 as shown in Figure 2. While 
this is shown as a simple 1/0 data connector socket in 
Rgure 1 , the invention is not so limited. The data com- 
munication means 221 in Figure 2A also is intended to 
include a compact transceiver means lor communicat- 
ing with a spatially remote control source, such as a 
workstation, through a radiofrequency communication 
channel, or the like in accordance with well known tech- 
niques. The remote workstation is capable of receiving 
transmission of data such as the time of actual usage or 
the Inhalation pattern. The present device is also capa- 
ble of being reprogrammed by the remote workstation to 
alter the dosage or to provide specHio feedback to the 
patient as to corrective action. 

Air to be mixed with the aerosolized medication 
enters from" the opening in the top of ttie inhaler housing 
1 12, and the patient's inspiration pulls the air and aero- 
sol mixture through mouthpiece .1 14. 

A mechanical constnjcSOT diagram of a prefenred 
errijodiment of the device is shown in Figure 2A; The 
"on" switch 104 for the device turns on the power in the 
battery . 205 (which, is physically accessible through 
cover 207) for circuits which are not active between 
times of inhaler usage. Other circuits may be powered 
at predetermined times, and power is supplied continu- 
ously to circuits responsible for maintaining the contents 
of memory. The Application Specific Integrated Circuit 



(ASIC) 220 contains the microprpc^sor. memory, cal- 
endar/clock, power controller, LED/sound driver, LCD 
driver, input/output interface, button-switch interface, 
and analog to digital converter. The electronics are con- 
5 nectable to a workstation by a conventional connector 
means 221 . Whether the device has been shaken prop- 
erly is determined by input from, motion sensor 222. 
Flow is measured utilizing a flow hieasuring rneans or 
flow meter (comprised of elements 232. 230. 234 and 
,0 1 12) as follows. Differeritial pressure is measured 
through pressure serisor diaphragm 230 which is cori- 
nected by flow channels 232 to both outside atmos- 
phere and interior f low chamber 234, Pressure-sensor 
diaphragm 230 is connected to the pressure-sensor 
1 5 electronics 240 which are interfaced to an analog to dig- 
ital converter on ASIC 220. Aerosolized medicament is 
released when the medication canister 102 is 
depressed and its valve 203 is opened with the pressu- 
rized liquid being discharged through the atomizer 242. 
20 An actuation pressure switch 244 is disposed for con- 
tact with canister 102 when the canister is depressed to 
discharge a unit of medicine through atomizer 242, 

Rgure 2B illustrates an alternative emtiodiment uti- 
lizing a venturi flow meter desijgn. This construction is 
25 the same as in Figure 2A except that the linear 
response of pressure sensor diaphragm 230 fe propor- 
tional to flow tiirbugh the Venturmow meter 250. with 
the signal transmitted by tiie pressure sensor electron- 
ics 240. This implementation prowdes the ^lity for the 
30 patient to exhale (at least initiaU^ into the device to indi- 
cate he end of ttie breath-holding period. The exhalation 
would be into he input port 112 to avoid clogging ttie 
atomizer 242. This port 1 1 2 could be used for recording 
the patient's maximal exhalation or other spiromehic 
35 measurements. The form of pressuresensor is not crit- 
ical. A semiconductor pressure sensor itight be directly 
"incorporated into an ASIC device [Wise, K.D.. and K. 
Najafi, "Microfabrication Technrc|ues for Integrated Sen- 
sors and Microsystems," Science. 254:13351342, 
40 (1991)]. Alternatively, a different means for measuring 
air flow such a miniaturized mass flow seiisor, could 
be employed. 

Rgure 3 shows a set of sample messages to the 
patient Feectoack regarding individual inhalation efforts 
45 appears in the left column, including an illustration of the 
time course of inspiration relative to a target range. 
General insb-uctions are shown in the center, and 
prompts for event recording are shown on the right. 
These messages are displayed by the LCD panel 1 08 
so as shown in Rgure 1. Auditory output comes through 
flie Piezo sound gerierator 260 as shown in Rgure 2A 
and 2B. 

Rgure 4 shows a block diagram of the system. In a 
prefen-ed embodiment, many of the electaDnic elements 
55 . are incorporated within application specific integrated 
drcurt (ASIC) 220, including tiie microprocessor, RAM 
and ROM storage, calendar/clock, A/D converter, 1/0 
functions, and drivers for LCD.jSOund, and LED devices. 
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However, in various implementations of the invention 
these functions may be distributed on multiple inte- 
grated circuits, including standard and/or custom 
devnces. The scope of the invention is not limited to any 
single specific implementation. 5 

The microprocessor memory requirements are 
supplied by the Random-Access Memory (RAM) and 
the Read-Only Memory (ROM) modules. The calen- 
dar/clock module provides the ability to signal to the 
patient when it is time to take the medication, and gen- 10 
erates time and date stamps for each inhaler usa The 
analog input signal from the pressure-sensor electron- 
ics is transformed by the analog to digital converter. The 
power controller provides power to all the device sut>- 
systems including the microprocessor and associated is 
components, flow-measuring circuit, LED/sound display 
and driver, ind the LCD alphanumeric panel and driver. 
Input/output circuitry handles signals corning into and/or 
going out of the push-button contact switches and two- 
way communications with the computer-based clinical 
workstation or other suitable device occurs through the 
external communications connector 221 . 

Figures 5A through 5B illustrate subsystem drcuit 
diagrams. Figure 5A shows the power control circuit. 
Modules such as the PAM are powered continually. As 
to power control, when the motion sensor 500 is trig^ 
gered with transmission through the MOSFET semicon- 
ductor 502 on the left or the "on" 504 button switch 
closed, the NAND 508a. 508b gates change state and 
switch on the MOSFET semiconductor 510 on the right 
to provide voltage to ihe microprocessor. When the 
microprocessor goes into the "sleep mode" after its 
operational sequence, H transmits an "oT signal to the 
MOSFET semiconductor 512 whidi deacfivates the 
NAND gates 508a. SQSb and shuts the system down. 
The device is battery operated using preferably a lithium 
battery for long life. 

Figure 5B shows the pressure-sensor flowmeter 
electronics. The strain gauge resistors 520a. 520b, 
520c and 520d in the bridge circuit are loqated on the 
pressure-sensor diaphragm 230 which measures the 
pr^ure differential in the flow meter comprised of ele- 
ments 232, 230, 234 and 1 12 in Figure 2A or in the Ven- 
turi flow meter 250 shown in Figure 2B. In accordance 
with techniques which are well known to those skilled in 
the art. an analog signal is generated through the two 
stages of operational amplifiers 522; 524. This signal is 
transformed by the anatog-to-digital converter 530 and 
fed via a bus to the microprocessor (not shown). 

Figure 5C illustrates, the LED/sound display and 
driver. The control signal comes from the microproces- 
sor to 8 bit latch 540. The control signal is stored by the 
8-bit latch 540. Selected components, such as zero to 
six of the LEDs 542 and zero to two Piezo sound gener- 
ators. 544 are turned on. In like manner, components 
which are on can be turned off with a subsequent con- 
trol signal transmitted by the microprocessor. 

Figure 50 presents the block diagram for the LCD 




alphanumeric panel and driver. The control signal 
com^ in over the.bus to the rriicroprocessor and the 
LCD controller provides input to the LCD driver (input to 
rows of display) and the LCD dot-matrix display panel 
(input to columns of display) in accordance with tech- 
niques which are well known. 

Rgure 5E illustrates the push-button switch inter- 
face. Because this interface resides on the microproc- 
essor bus, a threestate buffer is us«i (off. floating, on). 
In the figure, the term tristate is used, reflecting a partic- 
ular version of ttie buffer produced by National Semi- 
conductor Corporation. The current status of each of 
the push-button switches is held within the buffer. The 
three-state buffer is interrogated by the microprocessor 
by turning the three state control to "on" and the status 
of each line ("on" or "offO is transmitted from the ttwee- 
state buffer back to the microprocessor over the micro- 
processor bus. 

Figure 6A showre the overall protocol whereby data 
20 collected by the intelligerit inhaler are used to close the 
ttierapeutic loop, and enable the healthcare provider to 
track ttie patients medicatibn use between visits. The 
physician selects the target profile for the patient and 
medication. The profie is loaded into the device and the 
25 device is used by the patient. At the next visit of the 
patient to the healthcare provider, the data related to 
patient utilization of the device is extracted and moved 
to the clinical workstation. The data are then re/iewed 
by the physician and *end analysis can be done, not 
30 only within the given set of data, but in comparison to 
previous periods. An adjustment can be made to the 
prescription if the physician chooses to do so. If there is 
a change,- the new prescription information and/or target 
profile are loaded into the intelligent inhaler device. 
35 Figure 6B aiustrates the process of utilization of the 
intelligent inhalation device by the patient. If the medica- 
tion is taken at prescribed intervals rather than on an 
episodic basis, a reminder of ttie time to take the medi- 
cine is signalled to the patient The patient depresses 
40 the "on" swrtch to indicate the medicating sequence is to 
be started and shakes ttie device with ttie canister 
inserted so ttie medication is adequately prepared for 
discharge. Depression of the canister enough to dis- 
charge the medication is ttne trigger event. Recording of 
45 the data, including release of aerosol, airflow time 
course, and associated time and data stamps ensues. 
Derived values are calculated and compared to ttie tar- 
get values of the target function. The breath holding 
period is timed and an auditory and/or visual signal sup- 
so plied to ttie patient at its end. Auditory and/or visual 
feedback is provided to the patient as to success or fail- 
ure of the inhalation actions including text messages as 
to what con-ections are appropriate (exL, INHALE 
SLOWER). At the next patient visit, the recorded data 
55 are read into ttie host clinical workstation and the data 
analyzed and displayed, including trend analysis in 
. „ comparison to previous periods. 

A typical cycle of c^eration. with reference to Fig- 
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ures 1 . 2A and 2B, is as follows: 

If the medicaticwi is to be taken regularly, the time 
for the medication to be taken can be signalled through 
Piezo sound generator 260 and/or LED display 1 08. 

The unit is held in patient's hand such that mouth- s 
piece 114 faces the patient. 

The patient presses push-button switch 104, acti- 
vating the "on" switch to close and activate the micro- 
processor and associated functions. 

The patient shakes the unit per instructions, caus- >o 
ing the motion sensor 222 to generate a signal for stor- 
age in the memory contained in the ASIC 220. If the on 
switch 1 04 has not yet been activated, motion sensor 
222 causes the unit to turn on just as if flie on had been 
closed. Optionally, this signal also prompts indicator 
lights 106 to turn on as well. 

Patient then places the mouthpiece 114 in mouth, 
depresses medication canister 102 firmly enough to 
cause metering mechanism 203 to discharge a unit of 
medicine through atomizer 242, and the patient simulta- 
neously begins to inhalie. Depression of the canister 102 
causes closure of actuation sensing switch 244 and 
transmission of a signal for this event to microprocessor 
within the control electronics of ASIC 220. 

With the inhalation, aerosolized medication flows 
through the mouthpiece 114 into the mouth of the 
patient. 

Pressure-sensor diaphragm 230 senses air flow 
cbming through the upper housing opening 112 and 
moving through flow diamber 234 by measuring the 
pressure differential between the outside air through 
passage 232 and the internal chamber 234 (in the con- 
figuration shown in Fig. 2A). In.the attemate construc- 
tion shown in Figure 28, pressure sensor diaphragm 
230 senses airflow by measuring the pressure differen- 
tial between th<e two stages of Venturi flow meter 250. 
Pressure-sensor electronics 240 generates a signal 
representative of flow rate to the analog-to-digital con- 
verter contained in the ASIC 220. 

The analog-to-digrtal circuitry converts this signal to 
digital form, upon which it is stored.as a series of (e.c . 
8-bit) samples in a RAM contained in the ASIC 220. 

As patient continues to inspire, time series fbw 
samples in memory are compared with teirget objective 
profile representative of correct inhalation technique 
also stored in RAM contained in ASIC 220. The micro- 
processor contained in ASIC 220 performs the compar- 
ison of actual versus target values and depending upon 
the results sends signals to indicator LED's 106. 

Upon conpl etion of inspiration, cessation of flow is 
detected and measurement of time duration of breath 
hold begins using the calendar/clock module contained . 
in ASIC 220. 

Upon end of breath hold, patient presses push but- 
ton 104 which sends an event signal .to microprocessor 
in ASIC 220 for storage in RAM and calculation of 
breathrholding duration. 

Results of the maneuver, including breath holding 



performance are used to select textual or iconic feed- 
back from a table stored in RAM contained in ASIC 220, 
in accordance witii techniques which are well known for 
display to patient via LCD display panel 108. Note that 
text tatile can consist of multiple sections corresponding 
to differing languages. 

After the inhalation maneuver is complete, the 
device can pose questions to the patient on LCD display 
108 and answers such as "yes" or "no", or otiier 
answers corresponding to the number of times the push 
button switch is activated are input by the patient 
through push-button switch 104. 

After a specified time (long , enough to permit an 
additional discharge of medication if there is to be one) 
an output signal from the microprocessor to the power 
control circuit causes tiie systeim to return to sleep 
mode. 

Data from multiple maneuvers can be downloaded 
subsequentiy through connector 221 into a clinical 
workstation or similar device for review by professional 
including trend analysis within the set of just down- 
loaded data and comparison fo previous periods. 

UpcMi downloadirig of data, records for individual 
maneuvers are erased from the RAM contained in ASIC 
220, and battery 205 is checked for charge. 

The site of compliance monitoring includes a digital 
computer means (not shown) for communicating elec- 
ti-onicaily with the microprocessor means 220 incorpo- 
rated in tiie programmable inhaler. The digitcii computer 
means at the monitoring site includes means for moni- 
toring and improving a patient's medication compliance 
with the use of the hand-held inhaler. The monitoring 
computer is linked witii transmission means for remote 
electronic rete-ieval of tiie data measured by and stored 
in the inhaler microprocessor through data communica- 
tion techniques which are well known, such as radio-fre- 
quency, optoelectronic communication^ or the liKe. 

The monitoring computer is programmed to evalu- 
ate the data received from the inhaler microprocessor 
means and to provide interpretations of .tiie effective- 
ness of compliance efforts based on he retiieved datia. ' 
The monitoring computer also includes a display means 
for meaningful display of the compliance data. Such dis- 
play means preferably includes patient's projected tar- 
get envelope for maximized delivery of medication as 
compared to the actual, measured performance of ttie 
patient. 

It will be appreciated by tiiose skilled in the art tiiat 
tiiere are a multitude of metiiods for programming ttie 
mon'rtormg computer to achieve the evaluation of a 
patient's medication compliance parameters which will 
maximize delivery of medication to the large ainvays, 
small ainways, alveoli or any part of the respiratory tract. 
Thus, the present mettiod is not intended to be limited to 
a specific software implementation for diagnosing a 
patient's projected compliance as a target envelope of 
values and for measuring the achjal performance of the 
patient with respect to the target envelope. 
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In a preferred errtjodiment the monitoring compu- 
ter includes software which is readily programmed by 
one skilled in the art to utilize data input from diagnostic 
instruments, diagnostic tests, clinical records, clinical 
observations, professional opinions, or the lite in c£dcu- 5 
lating a target envelope of inhalation parameters which 
will maximize the delivery of aerosolized medication to 
any selected part{s> of the respiratory trad of a particu- 
lar patient, or to indicate other changes in therapy such 
as type of medication. The foregoing data include quarv 10 
tifiable parameters relating to the physical corxlition of 
the airways of a patient, such as the size of the patient's 
air passages. 

The data are input into the monitoring computer as 
a table of values, or physical parameters indicative of is 
the condition and capacity of a patienfs air passage- 
ways and inhalation characteristics. The tatie of physi- 
cal parameters are then mapped to provide the target 
envelope of values, which if matched by Bie patient's 
performance, will maximize the distribution of the aero- 20 
sol medication any selected parts of the respiratory 
tract. The monitoring computer conrpares the patient's 
actual measured performance to the target envelope. 
The monitoring computer tiien communicates electroni- 
cally with the micrcHJrocessor in the inhaler, ind as a 2s 
function of measured compliance parameters, repro- 
grams the microprocessor, if necessary, wifli different 
target inhalation profiles, dosage le\^els or actuation 
event times that will bring tiie patient's perfomiance 
within the target envelope and maximize the therapeutic so 
response. 

The advantages of *e system described herein 
over conventional devices may be summarized as fol- 
lows: 

35 

(a) the incorporation of both monitoring and record- 
ing the patienf s inhalation time course and related 
events in a medicine inhaler device small and aes- 
thetically pleasing enough tobe used during nomnal 
day-to-day activities, *' 
. (b) the ability to load in a target performance enve- 
lope for one or more inhalation time/Value courses 
and/or one or more selected variables (such as 
peak-flow rate) or to designate a specified generic 
curve, . ^ 

(c) tiie ability to sense whether the device has been 
shaten properly prior to discharge of a dose of aer- 
osol, 

(d) the ability to provide immediate feedback both 
during ttie inhalation and aftenivards as to where so 
the patient's performance fits relative to the target- 
performance envelope and whether and when iriha- . 
iation values fell outside that envelope, 

(e) the ability to provide feedback to ttie patient as 
towhatcorrectiveaction, if any, should be taken, 55 

(f) ttie ability to provide a signal to ttie patient 
prompting him or her to continue breatti holding. 

(g) the ability to have the patient record the timing of 



the end of the breatii-holding period, 

(h) the ability to store any of the data obtained, 

(i) the ability to download longitudinal results from 
the Intelligent Inhaler into a healthcare workstation 
or similar device, and 

(j) the ability for ttie healtticare professional to 
review a patient's mecScine usage for the entire 
period between office visits, and therefore review 
trends in the patient's condition in the cmtext of a 
detailed historical record of ttie actual delivery of 
medication to its target sHes of action in ttie lungs. 

It should be noted ttiat all of ttie above capabilities 
would not necessarily be included in every implementa- 
tion of the systern. 

The device and method described here are not lim- 
ited to usage witti any one pharmaceutical. They may 
be used witti locally acting respiratory dmgs including 
bronchodilators. corticosteroids, anticholinergics, antibi- 
otic^, and others, as well as with systemically acting 
drugs. Differing compounds may require variatioiis in 
prescribed usage, induding changes in the inspiratory 
flow pattern. Such patterns may be chosen, in order to 
direct the concenhation of drug deposition at different 
sites wittiin ttie respiratory tract, or compensate for var- 
iations in patient's ainways monphoiogy due to diseaise 
or trauma. 

Claims ' 

1. A hand-held inhaler device comprising: 

delivery means for delivering a desired unit 
dose of aerosolized medication from an associ- 
ated canister (102); 

electronic sensor means (240) for measure- 
ment, preferably continuous measurement, of 
air flow ttirough said medication delivery 
means; 

means for storage of data including relative 
time of device actuation of saW delivery means,, 
and data representative of duration of inspira- 
tion through said medication delivery means; 
means for performing logical operations or 
interpretive calculations upon said data; 
signaling means (106. 108). responsive to said 
means for perfornting. for providing feedback to 
a user, 

wherein said feedback expresses to a 
usei- whetiier ttie medidne delivery means has 
been used correctiy; charaderised in ttiat said 
means for performing logical operations further 
comprfees a motion sensor means (500) for 
deteding if said canister (102) is shaken prior 
to each actuation. 

2. A device as daimed in claim 1 charaderised in that 
said means for delivering includes a moutipiece 
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(114) having a mouthpiece cover which upon rota^ 
tion or removal activates the electronic functions. 

Adevice as claimed in claim 1 or daim 2 which fur- 
ther comprises: * 

a housing (100) adapted to be hand-held by a 
user; 

the canister (102) being received within the 
housing (100); . ' 

the delivery means being incorporated in sad 
housing (100); : 

the electronic sensor means (240) being incor- 
porated in said housing (1 00); 
a microprocessor means incorporated in said 
housing (100) comprising said storage means; 
said microprocessor means also comprising 
the means for performing logical operations or 
interpretive calculations upon said data; and 
said signaling means (106, 108) being respon- 
sive to said microprocessor means. 

A device as claimed in claim 3. characterized in that 
the microprocessor means further comprises 
means for storing a target envelope pattern repre- 
senting the time course of an effective inspiration 
for comparison to measured inspiration patterns, 
whereby said comparison is lised to govern feed- 
back provided to the user. 

A device as claimed in claim 4, characterized in that 
said feedback further comprises means for display- 
ing a target inspiration pattern as a function of time. 

Adwice as claimed in claim 4 or claim 5, character- 
ized in that said feedback further comprises means 
for displaying a comparison of a patient's actual 
inhalation pattern with a prescribed target pattern. 

A.dewce as claimed in any. of claims 3-6, further 
characterized by: 

computer monitoring means communicating 
electronically with said miCToprocessor means 
for retrieving and processing said stored data 
representative of duration and pattern of inspi- 
ra:tion, said computer monitoring means further 
comprising a means for displaying (106) said 
stored activation data for compliance review by 
a healthcare professional. 

. A device as claimed in claim 7, characterized in that 
said computer monitoring means further comprises 
means for processing data input from at least one 
of the following sources: diagnostic instruments, 
diagnostic tests, clinical records, clinicail observa- 
tions, and professional opinions. 



9. A device as claimed in any of claims 3-8. character- 
ized in that the microprocessor means further com- 
prises means for reprbgramming said signaling 
means to vary the desired unit dose of medication 
delivered from said canister (102) in response to 
said logical operations or interpretive calculations 
upon said data. 

- 10. A device as claimed in claim 9, further character- 
0 ized by means for reprogfamniing the signaling 
means to vary the time of delivery of medication. 

11. Adevice as claimed in any of claims 3-10, charac- 
terized in that said microprocessor further com- 
'5 prises wireless fransmission means for transmitting 
output signals representative of said stored data to 
a remotely located computer means for conpliance 
monitoring. 

30 12. A device as claimed in claim 11. characterized in 
that said wireless fransmission means comprises 
input means responsive to remotely generated sig- 
nals for reprogramming said nfiicrofM-ocessor means 
to vary the time inteival for delivering a desired unit 

25 do&e of said medication. 

13. A device as claimed in daim 12 responsive to a 
remotely generated input signal indicative of ttie 
times prescribed for delivery of said dosage of med- 

30 idne, characterized in that said means fbr indicating 
conprises at least one of the following: indicator 
lights (106), auditory tones and vibration. 

14. A device as daimed in any of daims 3-13, charac- 
35 terizKl in tiiat said microprocessor comprises data 

communication means for fransmitting said data 
along a communication path to a spatially remote 
confrol means for compliance monitoring and said 
data confOTiunication means indudes means for 
40 receiving remotely generated signals from , said 
remote control means for reprogramming said 
microprocessor to vary the desired dose of said 
inhaled medication. 

46 1 5. A device as daimed in any of claims 3-i 4, charac- 
terized in that said signaling means further com- 
prises interadiye feedback means for intenogaSng 
a patient regarding exposure to an event affecting 
inhalation such as exposure to . allergens and 

so breathing imtants. and further comprising switch 
means adapted to receive a yes or no answer from 
said patient in response to said, means for inten-6- 
gating and for recording said answer as data to be 
stored in said microprocessor. 

55 

1 6. A d ©rice as claimed in any of claims 1-15, charac- 
terized in that said sigrisiling means further com- 
prises interactive feedbsick means for providing 
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terized in that said, means for performing logical 
operations or interpretive calculations upon data 
comprise means for processing selected spiromet- 
ric measured values such as peak flow to provide 
feedback of a user's therapeutic response. 

25. A device as claimed in any of claims 1-24, further 
characterized by said motion sensor means (500) 
has means for providing a signal to said microproc- 
essor means for storage as data for each activation 
event. 

26. Adewce as claimed in any of claims 1-25. further 
characterized by a sensor means responsive to a 
user's shaking of the device for turning on said 
delivery means for subsequent activation by a user. 

27. A method for controlling and programming the 
administration of a medication through a device as 
claimed in any of claims 1-26 characterized by the 
si&ps of: 

measuring the values of at least the time, date 
and inspiration pattern for each use of said 
inhaler by a patient; 

storing saW measured values in a microproces- 
sor means incorporated in said portable 
inhaler; 

displaying said measured values in a display 
unit (108) incorporated in said inhaler for pro- 
viding interactive feedback with the patient; 
retrieving said measured values into a remotely 
located conputer for providing remote compli- 
ance monitoring; 

visually displaying said measured values on a 
display unit of said remotely located computer 
to permit evaluation of a therapeutic effect of 
. said medication upon the patient; 
■ reprogramming said microprocessor means 
» incorporated in said inhaler from said remotely 

located computer for optimizing a patient's 
medication compliance; 
detecting if the device is shaken prior to each 
actvation. 

28. A method as claimed in claim 27. characterized in 
that the step of visually displaying said measured 
values includes the step of further processing of 
selected spirometric measured values in said 
0 remotely located computer means to provide feed- 
back of a patients therapeutic response. 

23. A device as claimed in any of claims 1-22. bharac- 29.. A method as claimed in claim 28, characterized in 
terizedbyatleastoneofauditory.visualandvibra- that said step of further processing comprises th 

tory^armmeansfornotifyingauserwhentotake « step of displaying « ^^9«VT 
Sd medication. . said display unit (108) as a functon of time. 



immediate feedback to the patient as to success or 
failure of an inhalation action, including a message 
as to what correction is appropriate. 

17. A device as claimed in any of clainns 1-16, charac- 
terized, in ttiat said interactive fe«jback message 
comprises a message such as at least one of tiie 
following: 

"clean inhaler", "rinse niouth" "avoid pets", and . io 
"avoid cold". 

18. A device as claimed in any of claims 1-17, charac- 
terized in that said canister (102) comprises a res- 
enroir integral with said housing and adapted for is 
storing quantity of airborne medication. 

19. A device as claimed in any of claims 1-18, charac- 
terized in that said canister (102) comprises a res- 
ervoir of airborne medication disposed externally 20 
from said device, including conduit meansi for coitv 
municating said aiibome medication with said 
delivery means. 

20. A device as claimed in any of claims 1-19. charac- 25 
terized in that said delivery means comprises a 
spacer having a first end integral with said device 
and having a second end adapted for delivering 
said medication into a user's mouth. 

30 

21. Adevice as claimed in any of claims 1-19. charac- 
terized in that said delivery means further com- 

' prises a spacer separated from said hand-held 
inhaler and interposed between said device and 
said user, said spacer having a first end comnriuni- 3s 
eating with said device through a.conduit, and hav- 
ing a second end adapted.for delivering a desired 
dose of inhaled medication into a user's mouth. 

22. A device as claimed in any of clams 3-21 , charac- « 
terized in that said miCToprocessor further com- 
prises ou^jut means (221) commuriicating 
electronically along a comimunicatfon path wHh a 
remotely located digital computer for transmitting 
signals representative of said stored data for * 
remote compliance monitoring; and 

said microprocessor further conprising input 
means (221) for receiving input sigrials from said 
remotely located^ digital computer for reprogram- 
ming said microprocessor means to vary the 5 
desired unit dose of inhaled medication. 



24. A device as claimed in any of claims 1-23. characr 



30.7 A method as :claimed iri daim 28 or claim 29. char- 



acterized in that said step of further processing 
comprises the step of displaying a comparison of a 
patient's actual inhalation pattern with a prescribed 
target pattern. 

5 

Patentanspruche 

1. Handgehaltene inhalationsvomchtung, umfassend 
ein Zufuhrmittel zum Zufuhren einer gewQnschten 
Einheitsdosis eines aerosolierten Medikamentes 10 4. 
aus einem zugehSrigen Behaiter (102); 

eleklronischer Sensor (240) zum Messen. vior- 
zugsweise zum kDrrtinuieriichen Messen des 
Luftstroms durch das genannte Medikamen- is 
tenzufuhrmittel; 

ein Mittel zum Speichern von Daten elnschlieB- 
lich des relativen Zeitpunktes der Betatigung 
des genannten Zufuhrmittels, und von Daten, 5. 
die die Dauer der Einathnung Qber das 20 
genannte Medikamentenzufuhrniittel reprS- 
sentieren; 

ein Mittel fur die Durchfuhrung logischer Ver- 
knupfungen oda- interpretierender Berechnun- 6. 
gen an den genannten Daten; 25 
ein Signalisierungsmittel (106, 108). das auf 
das genannte Durchfflhrungsmittel anspricht, 
urn einem Benutzer eine RQckmeldung zu lie- 
fern, 

wobiBi die genannte RQckmeldung 30 7. 
einem Benutzer mitteiH, ob das Medikamenten- 
zufuhrmittel kon-ekt venwendet wurde; dadurch 
gekennzeichnet, daB das genannte Mjttel zum 
DurchfQhren logischer VerknOpfungen ferner 
einen Bewegungssensor (500) umfaBt. der 3S 
ermittelt. ob der genannte Behaiter (102) vor 
jeder BetaBgung geschOttelt wird. 

2. Vomchtung nach Anspruch 1, dadurch gekenn- 
zeichnet, daB das genannte Zufuhmiittel ein Mund- to 
stock (1 14) roit einer MundstOckabdeckungf enthSIt, 
die, wenn sie gedreW oder entfernt wird. die elek- 
tronischen FunkUohen akSviert. 

3. Vorrichtung nach Anspruch 1 Oder Anspruch 2, die 45 
ferner fdgendes umfaBt: 

ein Gehduse (100), das so ausgestaltet ist, daB 
es voh einem Benutzer in der Hand gehalten 
. werden kann; so 
. den in dem GehSuse (100) aufgenommenen 
BehaHer (102); 

das in dem genannten Gehause (100) ihte- 
grierte ZufiJirmittel; 

den in dem genannten Gehause (100) inte- 55 
grierten elektronisdien Sensor (240); 
einen in dem genannten Gehause (100) inte- 
grierteri Mikroprozessor. der das genannte 



Speichemiittel umfaBt; 

wobei der igenannte Mikroprozessor 
auch das Mittel zum Durchfuhren logischer 
VerknOpfungen oder interpretierender Berech- 
nungen an den genannten Daten umfafit; und 
das genannte, auf den genannten Mikropro- 
zessor ansprechende ' Signalisierungsmittel 
(106,108). 

Vorrichtung nach Anspruch 3, dadurch gel^n- 
zeichnet, daB der Mikroprozessor ferner ein Mittel 
zum Speichern eines Ziel-HOllkurvenmusters 
umfaBt. das den Zeitablauf einer effektiven Eiriat- 
mung im Vergleich zu gemessenen Einatmungsmu- 
stern darstellt. wobei der genannte Vergleich zum 
Steuern der dem Benutzer gelieferten Ruckmel- 
dung verwendet wird. 

Vorrichtung nach Anspoich 4. dadurch gekenn- 
zeichnet, daB die genannte RQckmeldung ferner 
ein Mittel zum Anzeigen eines Ziel-Einatmungsmu- 
sters in Abhingigkeit von der Zeit umfaBt 

Vorrichtung nach Anspruch 4 oder 5. dadurch 
gekennzeichnet, daB die genannte Ruckm^dung 
ferner ein Mittel zum Anzeigen eines Vergleichs 
des tatsachlichen Inhalationsmusters eines Patien- 
ten mit einem vorgeschriebenen Zielmuster umfaBt. 

Vorrichtung nach einem der Anspruche 3 bis 6. fer- 
ner durch folgendes gekennzeichnet: 

ein Rechneruberwachungsmittel. das eleklro- 
nisch mil den genannten Mikroprozessor in 
Verbindung steht. um die genannten gespei- 
cherten Daten, die die Dauer und das Muster 
der Einatmung reprSsentieren, einzulesen und 
zu verarbeiten, wobei das genannte Rechner- 
ubenwachungsmittel ferner ein Mittel zum 
Anzeigen (106) der genannten gespeicherten 
Aklivierungsdaten umfaBt. dantit eine Behand- 
lungsprufung von medizinischen Fachpersonal 
durchgefuhrt werden kann. 

8. Vorrichtung nach Anspruch 7, dadurch gekenn- 
zeichnet. daB das genannte Rechneruberwa- 
chungsmittel ferner ein Mittel zum Verarbeiten der 
Daten umfeBt. die von wenigstens einer der folgen- 
den Quellen eingegeben wurden: Diagnoseihstru: 
mente. Diagnosetests, Winische Aufzeichnungeh, 
Minische Beobachtungen und Fachgutachten. 

9. Vorrichtung nach einem! der Anspruche 3 bis 8, 
dadurch. gekennzeichnet, daB der Mikroprozessor 
ferner ein Mittel zum Umprogrammieren des 
genannten Signalisierungsmittels umfaBt. um die 
gewOnschte Einheitsdosis des von dem genannten 
Behaiter (102) in Reaktion auf die genannten logi- 
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schen Verknupfungen oder interpretierenden 
Berechnungen an den genannten Daten zugefQhr- 
ten Medikamentes.zu variieren. 

10. Vorrichtung nach Anspruch 9, ferner durch ein Mit- s 
tel zum Umprogrammieren des Signalisierungsmit- 
tels gekennzeichnet. urn den Zeitpunkt der 
Medikamentenzufuhr zu variieren. 

11. Vorrichtung nacii einem der AnsprOche 3 bis 10, i 
dadurcli gel«nnzeichnet, daB der genannte Mikro- 
prozessor ferner einen drahUosen Sender umfalSt, 
urn Ausgangssignale, die die genannten gespei- 
clierten Daten reprasenlieren, fur eine Behand- 
lungsCbenwachung zu einem entlegenen Recliner i 
zu senden. 

12. Vorrichtung nach Anspruch 11, dadurch geltenn- 
zeichnet, daS der drahtlose Sender ein Eingabemit- 
tel umfaBt. das auf fernerzeugte Signale anspricht, -i 
urn den genannten Mikroprozessor umzuprogram- 
mieren. urn das Zeitinten«ll zum ZufOhren einer 
gewQnschten Einheilsdosis des genannten Medi- 
kamentes zu variieren, 

13. Vorrichtung nach Anspruch 12, die auf ein ferner- 
zeugtes Eingangssignal anspricht. das die Zeiten 
angibt, die fQr die Zufuhr der genannten Medika- 
mentendosis vorgeschrieben sind. dadurch 
gekennzeichnet, daB das genannte Anzeigemittet 
wenigstens eines der fplgenden umfaBt: Anzeige- 
lampen (106), akustische Tfine und Vibrationen. 

14. Von'idrtung nach einem der Ansprijche 3 bis 13, 
dadurch gekennzeichnet, daB der genannte Mikro- 
prozessor ein Datenkommunikationsmittel zum 
Ubertragen der genannten Daten uber einen Kbm- 
munikationspfad zu einem raumiich entlegenen 
Steuermittel fur eine BehandlungsiBaerwachung 
umfaBt und das genannte Datenkommunikations- 
mittel ein Mittel zum Empfangen fernerzeugter 
Signale von dem genannten entlegenen Steuermit- 
tel enthait, um den geriannten Mikroprozessor 
umzuprogrammieren, um die gewQnschte Dosis 
des genannten Inhalationsmedikamentes zu variie- 
ren. 

15. Vomchtung nach einem der AnsprOche 3 bis 14. 
dadurch gekennzeichnet, daB das genannte Signa- 
lisierungsmittel ferner ein interaktives Ruckmel- 
dungsmittei umfaBt, um einen Patieriten bezugiich 
des Eirrflusses eines Vorfalis zu befragen, der die 
Irtfiaiation beeintrichtigt, wie zum Beispiel der Ein- 
fluB von Allergenen und Atmungsreizmittel. und fer- 
ner einen Schaiter zum Erhaiten einer Ja- oder 
Nein-Antwort von dem genannten Patienten in 
Reaktion auf das genannte Abfragemittel und zum 
Aufzeichnai der genanntwi Antwort als zu spei- 



cherndes Datenelement in. dem genannten Mikro- 
prozessor umfaBt. ; 

16. Vorrichtung nach anem der AnsprOche 1 bis 15, 
dadurch gekennzeichnet, daB das genannte Signa- 
lisierungsmittel ferner ein interaktives ROckmel- 
dungsmittel umfaBt, um dem Patienten eine 
unmittelbare ROckmeldung fur eine erfolgreiche 
Oder, erfolglose Inhalationsaktion zu iiefern, ein- 
schlieBlich einer Meldung in bezug auf die ange- 
e Kprrektur. 



17. Vorrichtung nach einem der AnsprOche 1 bis 16, 
dadurch gekennzeichnet, daB die genannte inter- 
aktive ROckmeidungsmeldung eine Meldung wie 
wenigstens eine der folgenden umfaBt; 

"Inhalator reinigen", "Mund spQIen", "Haustiere 
meiden" und "K&lte meiden". 

18. Vorrichtung nach einem der AnsprOche 1 bis 17, 
dadurch gekennzeichnet, daB der genannte Behal- 
ter (102) einen an das genannte Gehause ange- 
formten Speicher umfaBt, der fOr die Aufbewahrung 
einer Menge eines iuftubertragenen Medikamentes 
vorgesehen ist. 

19. Vorrichtung nach einem der AnsprOche 1 bis 18, 
dadurch gekennzeichnet, daB der genannte BehSI- 
ter (102) einen Speicher mit luftObertragenem 
Medikament umfaBt, der auBerhalb der genannten 
Vorrichtung angeordnet ist, einschlieBlich einer l^ei- 
tung for die Abgabe des genannten iuftubertrage- 
nen Medikamentes rn'rt dem genannten 
Zufuhrmittel. 

20. Vorrichtung nach einem der AnsprOche 1 bis 19, 
dadurch gekennzeichnet, daB das genannte 
Zufuhrmittel ein AbstandsstOck mit einem ersten, 
an die genannte Vorrichtung angeformten Ende 
und einem zweiten Ende umfaBt. das fQr die Zufuhr ^ 
des genannten Medikamentes in den Mund eines 
Benutzers vorgesehen ist. 

i 21. Vorrichtung nach einem der AnsprOche 1 bis 19. 
dadurch gekennzeichnet, daB das genannte 
Zufuhrmittel ferner ein AbstandsstOck umfaBt, das 
von dem genannten handgehaltenen Inhalator 
getrennt und zwischen der genannten Vorrichtung 

) und dem genannten Benutzer angeordnet ist, 
wobei das .genannte AbstandsstOck ein mit der 
genannten Vorrichtung uber eine Leitung in Verbin- 
dungstehendes erstes EndeurxJ ein zweites Ende 
aufweist, das fOr die. Zufuhr einer gewQnschten 

? Dosis des Inhalationsmedikamentes in den Mund 
eines Benutzers vorgesehen ist. 



22. .Vorrichtung nach einemi deri AnsprOche 3 bis 21, 
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dadurch gekennzeichnet, daB der genannte Mikro- 
prozessor ferner ein Ausgabemittel (221) umfaBt, 
das uber einen Kommunikationspfad mit einem ent- 
legenen Digitalrechner elektronisch in Verbindung 
steht. urn die genannten gespeicherten Daten 5 
reprasentierende Signale fur eine Behandiungs- 
fernuberwachung zu ubertragen; und 

daB der genannte Mikroprozessor ietn&r ein 
Eingabemittel (221) fur den Empfang von Ein- 
gangssignaien von dem genannten errtlegenen 10 . 
Digitalrechner umfaBt. um den genannten Mikro- 
prozessor umzuprogrammieren, um die 
gewOnschte Einheitsdosis des Inhalationsmedika- 
menteszu variieren. 

15 

23. Vorrichtung nach einem der AnsprOche 1 bis 22, 
gekennzeichnet durch wenigstens einen akusti- 
schen. visueilen oder vibrierenden Alsirm, der einen 
Benutzer darQber informiert, wann er das genannte 
Medikament nehmen muB. 20 

24. Vorrichtung nach einem der Anspruche 1 tris 23, 
dadurch gekennzeichnet, daB das genannte Mittei 
zum Durchfuhren logischer Verknupfungen oder 
interpretierender Berechnungen an Daten ein Mittei 25 
zum Verarbeiten ausgewahtter spirometrischer 
MeBwerte, wie zum Beispiel SpitzendurchfluB, 
umfaBt. um eine Ruckmeldung der therapeulischen 
Reaktion eines Benutzers zti liefern. 

30 

25. Vorrichtung nach einem der AnsprOche 1 bis 24, 
ferner dadurch gekennzeichnet. daB der genetnnte 
Bewegungssensor (500) ein Mittei zum Senden 
eines Signals zu dem genannten Mikroprozessor. 
umfaBt, um Daten zu Jedem Aktivierungsereignis 35 
zu speichern. 

26. Vorrichtung nach einem der Anspruche 1 bis 25. 
ferner durch einen Sensor gefennzeichnet, der auf 
das Schuttein der Vorrichtung durch einen Benut- 40 
zer anspricht, um das genannte Zufuhrmittel Mr 
eine anschlieBende AkBvierung durch einen Benut- 
zer einzuschaltea 

27. Verfahren zum Steuern und Programmierert der 4S 
Verabreichung eines Medikamentes durch eine 
Vorrichtung nach einem der AnsprOche 1 bis 26. 
gekennzeichnet durch die folgenden Schritte: 

Messen der Werte von wenigstens Zeit, Datum so 
und Einatmungsmuster zu jeder Benutzung 
des genannten Inhalators durdi einen Patien- 

ten; 

Speichern der genannten MeBwerte in einem 
Mikroprozessor, da- in dem genannten tiagba- ss 
ren Inhalator integriert ist; 
Anzeigen der genannten MeBwerte in anem 
Anzeigegerat (108); das in dem genannten 



Inhalator integriert ist um; eine interaktive 
Ruckmeldung mit dem Patienten zu liefern; 
Einlesei der genannten MeBwerte in einen 
entlegenen RechnerfQr eine Behandlungsfern- 
ubenwachung; 

visueiles Anzeigen der genannten MeBwerte 
auf einem Anzeigegerat des genannten entle- 
genen Rechners. um ane Bewertung eines 
therapeutischen Effektes des genannten Medi- 
kamentes fur den Patienten zu ermoglicheri; 
Uniprogrammieren des in dem genannten 
Inhalator integrierten genannten Mikroprozes- 
sors von dem genannten entlegenen Rechner 
aus. um die Medikamentenbehandlung &nes 
Patientenzu optimieren; 
Ermitteln. ob die Vorrichtung vor jeder Aktivie- 
rung geschOttelt wird. 

28. Verfahren nach Anspruch 27. dadurch gekenn- 
zeichnet, daB der Schritt des visueilen Anzeigerts 
der genannten MeBwerte den Schritt der Weiter- 
verarbeitung der ausgewahlten ^liometrischen 
MeBwerte in dan. genannten errtlegenen Rechner 
umfaBt, um ane ROckmeldung der therapeutischen 
Reaktion eines Patienten zu liefern. 

29. Verfahren nach Anspruch 28. dadurch gekenn- 
zeichnet. daB der genannte Schritt der Weiten/erar- 
beitung den Schritt der Anzeige eines Ziel- 
Bnatmungsmusters auf dem genannten Anzeige- 
gerat (108) in Abhangigkeit von der Zert umfaBt. 

30. Verfahren nach Anspruch 28 oder Anspruch 29. 
dadurch gekennzeichnet daB der genannte Schritt 
der Weiterverarbeitung den Schritt der Anzeige 
eines Vergleichs des tatsachlichen Inhalationsmu- 
sters eines Patienten mit einem yorgeschriebenen 
Zielmuster umfaBt 

Revendications 

1. Dispositif pour inhalation teriu k fa main, compre- 
nant : 

des moyens de distribution destinSs k adminis- 
trer une dose unifaire souhait6e d'un mSdica- 
. ment sous forme aSrosol depuis une bombe 
assbci6e(102) ; 

des moyens de detection 6lectroniques (240) 
destines k mesurer, de pr§f^ence en continu. 
le f lux d'air k travers lesdits moyens de distribu- 
tion de micScament ; 
. des moyens de slockage de donn6es conripre- 
nant le moment relatif d:actionnement du dis- 
positif desd'rts moyens de distribution, et de 
donn^es represenfant la dur6e de I'inspiration 
k travers lesdits nrayens de distribution de 
m^icament; 
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des moyens destines d effectuer des opfera- 
tions togiques ou des calculs d'interpritation 
sur lesdites donn6es : 

des moyens d'6mission de signal (106, 108), 
r6agissant auxdits moyens destines ^ effectuer s 
des operations logiques, destines d fournir un 
contr6le k un utilisateur, 

dans lequel ledit contr61e indque a un utilisa- 
teur si ies moyens de distribution de m&lica-. 
nient ont ete correctement utilis6s ; caract6ris6 10 
en ce que lesdits moyens destines k effectuer 
des operations logiques comprennent en outre 
des moyens de detection de mouvement (500) 
destines k d§tecter si ladite bombe (102) est 
agiteeavantchaqueactionnement. is 

Dispositif selon la re/endication 1, caract6ris§ en. 
ce que lesdits moyens de distribution comprennent 
un enrtiout (1 14) ayant une protection d'embout qui 
active Ies fonctions 6!ectroniques lorsqu'elle est 20 
pivotee ou'^retiree. 

Dispositif selbn la revendication 1 ou la revendica- 
tion 2, qui comprend en outre : 

25, 

un boTtier (100) adapt§ pour etre tenu ^ la main 
par un utilisateur ; 

la bonnbe (102) regue dans ie boTtier (1 00) ; 
les moyens de distribution incorpor6s dans 
ledit boltier (100); 3o 
ies moyens de d6tection §lectroniques (240) 
incorpor^s dans ledit boitier (100) : 
des moyens de microprocesseur incorporfe 
dans ledit boTtier (100) comprenant lesdits 
moyens de stockage ; ^ 
lesdits moyens de microprocesseur compre- 
nant 6galemertt des moyens destines a effec- 
tuer des operations logiques ou des calculs 
• d1nterpr6tation sur lesdits donn6es ; et 

lesdhs moywis d emission de signal (1 06, 1 08) 40 
r6aglssant auxdits moyens de microproces- 
seur. 

Dispositif selon la re\rend|cation 3, caracterise en 
ce que les moyens de microprocesseur compren- 45 
nent en outre des moyens pour stocker un motif 
d'enveloppeciWe repr6sentant la duree d'une inspi- 
ration efficace en vue de la comparaison avec les 
motifs d'inspiration mesur6s, de mani^re ii utiliser 
ladite comparaison pour g6rer Ie contrfile fourni k so 
I'utiri&ateur. 

Dispositif sdon la revendication 4, caracterise en 
ce que ledit controle comprend eli outre des 
moyens pour affidier un motif d'inspiration dble en 55 
fonction du temps. 

Dispositif selon la revendication 4 ou la revendica- 




tion 5, caracterise en ce que ledil contrSle com- 
,prend en outre des moyens 'pour afficher une 
comparaison d'un motif d'inhaiation reel d'un 
patient par rapport k un motif cible present. 

7. Dispositif selon I'une quelconque des revendica- 
tions 3^6, caracterise en outre par : 

des moyens de surveillance par ordinateur 
communiquant eiectroniquement avec lesdits 
moyens de microprocesseur afin de r6cuperer 
et de traiter lesdites donnfees stockees repre- 
sentant la dur6e et Ie motif d'inspiration, lesdits 
moyens de surveillance par ordinateur compre- 
nant en outre des moyens pour afficher (106) 
lesdites donn6es d'actionnement stockees afin 
de permettre k un professionnel de sante 
d'6valuer la compliance. 

8. Dispositif selon la revendication 7, caracterise en 
ce que lesdits moyens de surveillance par ordina- 
teur comprennent en outre des moyens pour traiter 
ies donnees entrees depuis au moins I'une des 
sources suivantes : instruments de diagnostic, tests 
de diagnostic, donn6es cliniques, observations cli- 
niques et avis de professionnels. 

9. Di^ositif selon I'une quelconque des revendica- 
tions 3^ 8, caracterise en ce que les moyens de 
microprocesseur comprennent en outre des 
moyens pour reprogrammer lesdits moyens d'6mis- 
sion de signal afin de modifier la dose unitaire sou- 
haitee de medicament d§livre depuis ladite bombe 
(102) en reponse auxdites operations logiques ou 
calculs d1nterpr§tetion effectu6s sur lesdites don- 
nees. 

1 0. Dispositif selon la revendication 9, caracterise en 
outre par des moyens permetlant de reprogrammer 
les moyens d'emission de signal afin de modifier la 
duree de distribution du medicament. 

11. Dispositif selon I'une quelconque des revendica- 
tions 3^10, caracterise en ce que ledit micropro- 
cesseur comprend en outi-e des moyens de 
transmission sans fil afin de bansmettre des 
signaux de sortie repr6sentant lesdites donnees 
stockees k des moyens d'ordinateur situes & dis- 
tance afin de surveiller la compliance. 

12. Dispositif selon la revendication 11, caracterise en 
ce que lesdits moyens de transmission sans fil 
comprennent des moyens d'entree reagissant k 
des signaux g6h6res k distance afin de reprogram- 
mer lesdits moyens de microprocesseur pour modi- 
fier I'intervalle de temps pour administrer une dose 
unitaire souhaitee dudit medicament. 
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1 3. Di^ositif selon la revendication 1 2. r6agissant k un 
signal d'entree g6n6re k distance indiquant les 
moments prescrits pour administrer ladite'dose de 
medicament, caract§rise en ce que lesdits moyens 
dlndication comprennent au moins I'un des 6I§- s 
ments suivants : voyanls lumineux indicateurs 
(106), indications sonores et vibrations. 

14. Dispositif selon I'une quelconque des revendica- 
tions 3^13, caracteris§ en ce que ledit micropro- io 
cesseur comprend des moyens de communication 

de donnees permettant de transmettre lesdites 
donn§es sur un trajet de communication vers des 
moyens de commande spatial ement 6loignes pour 
sun/eiller la compliance et lesdits moyens de com- is 
munication de donn6es comprennent des moyens 
pour recevoir des signaux gener6s k distance pro- 
venart desdits moyens de commande k distance 
afin de r^rogrammer ledit microprocesseur pour 
modifier la dose souhaitfee dudit m6dicament 20 
inhal6. 

15. Dispositif selon J une quelconque des revendica- 
tions 3 k 14, caract6ris§ en ce que lesdits moyens 
d'6mission de signal comprennent en outre des 2s 
moyens de controle interactif pour interroger un 
patient ^ propos de I'exposition a un 6v§nement 
affectant I'inhalation tel que I'exposition k des aller- 
gfenes et des agents in-itants les voles respiratoires, 

et comprenant en outre des moyens de commuta- 30 
tion adaptes pour recevoir une r^onse affirmative 
ou negative dudit patient en reponse auxdits 
moyens d'intenrogation et d'enregistrement de 
ladite r6ponse comme donn6es k stocker dans ledit 
microprocesseur. ^ 

16. Dispositif selon I'une quelconque des revendioa- 
tions 1 a 15, caract6ris§ en ce que lesdits moyens 
d'6mission de signal comprennent en outre des 
moyens decontreie interactif pour fournirau patient 40 
un controle immediat de la r6ussite ou de I'echec 
d'une action dinhalation, comprenant un message 
indiquant quelle correction est appropriie. 

17. Dispositif selon I'une quelconque des reverxlica- 4S 
tions 1 k 16, caract§ris§ en ce que ledit message 

de contrSle interactif comprend un message tel 
qu'au moins I'un des suivants : 

"nettoyer I'inhalateur", "rincer la bouohe". "6vi- so 
ter les animaux domestiques" et "6viter le 
froid". 

18. Dispositif selon I'une quelconque des revendica- 
tions 1 k 17. caract§ris6 en ce que ladite bombe ss 
(102) comprend un reservoir d'un seul tenant avec 
ledit boTtier et adapts pour stocker une quantit6 
d'un m6dicament sous forme aerosol. 



19. Dispositif selon I'une quelconque des revendica- 
tions 1 it 18. caracterise en ce que ladte bombe 
(102) conprend un reservoir de medicament sous 
forme aerosol dispos6 k rextSrieur dudit dispositif. 
comprenant des moyens de tuyau pour mettre en 
communication ledit medicament sous forme aero- 
sol avec lesdits moyens de distribution. 

20. Dispositif selon I'une quelconque des revendica- 
tions 1^19, caract6ris§ en ce que lesdits moyens 
de distribution comprennent un espaceur ayant une 
premiere extremite d'un seiil tenant avec ledit dis- 
positif et ayant une seconde extr6init6 adapt6e 
pour administrer ledit m6dicament dans la liouche 
d'un utilisateur. 

21. Dispositif selon I'une quelconque des revendica- 
tions 1 k 19. caract6ris§ en ce que lesdits moyens 
de distrilMitjon comprennent en outre un espaceur 
s6par§ dudit inhalateur tenu k la main et intercaie 
ehtre ledit disposilH et ledit utilisateur, ledit espa- 
ceur ayant une premiere extr6mit6 communiquant 
avec ledit dispositif par I'intermediaire d'un tuyau. et 
ayant une seconde exlr6mit6 adaptSe pour admi- 
nistrer une dose souhaitSe de medicament inhale 
dans la bouche d'un utilisateur. 

22. Dispositif selon i'une quelconque des revendica- 
tions 3 & 21 . caracterise en ce que ledit micropro- 
cesseur comprend en outre des moyens de sortie 
(221) communiquant eiectroniquemerit sur un trajet 
de communication avec un ordinateur num6rique 
situe k distance afin de transmettre des signaux 
representant lesdites donn6es stock6es en vue de 
la surveillance & distance de la compliarice ; et 

ledit microprocesseur comprenant en outre 
des moyens d'enfr6e (221) afin de recevoir des 
signaux d'entree provenant dudit ordinateui- nume- 
rique situe a distance afin de reprogrammer lesdits 
moyens de microprocesseur pour modifier la dose 
unitaire souhaitee de medicament inhale. 

23. Disp<^itH selon I'une quelconque des revendica- 
tions 1 k 22, caracterise par au moins un moyen 
parmi des moyens d'alerte sonore, visuelle ou par 
vibrations, destines k indiquer k un utilisateur k 
quel rnoment prendre ledit medicament. 

24. Dispositif selon I'une quelconque des revendica- 
tions 1 k 23, caracterise en ce que Iradits moyens 
destines k effectuer des operafions logiques ou des 
calculs dinterpretation sUr les donnees compren- 
nent des moyens pour trailer des vateurs mesur6es 
spirometriques choisies, telles que ie flux maximal 
pour fournir un controle de la reponse therapeuti- 
que d'un utilisateur. 

25. Dispositif selon I'une quelconque des revendica- 
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tions 1 ^ 24, caracteris6 en outre en ce que lesdtts 
moyens de detection de mouvement (500) com- 
prennent des moyens pour dSivrer un agnal 
auxdits moyens de microprocesseur en vue de son 
stockage comme donn6es pour chaque 6v6nement 
d'activation. 

26^ Dispositif selon I'une quelconque des revendica- • 
tions 1 k 25, caracteris6 en outre par des moyens 
de detection r6agissant k I'agitation du disposrtif io 
par un utilisateur afin d'activer lesdits moyens de 
distribution en vue de I'actionnement cons§cutif par 
uh utilisateur. 

27. Proc6de pour commander et programmer I'admi- is 
nistration d'un medicament par UntermMiaire d'un 
dispositif selon I'une quelconque des revendica- 
tions 1 & 26, caracteris§ par I es etapes consistant k 



rfinspiration dble sur.ladite unit§ d'affichage (108) 
en.fonction'du teiTips. 

30. Proc6d6 selon la revendication 28 ou la revendica- 
tion 29. caract6ris6 en ce que ladite 6tape de tra'rte- 
ment stppl^mentaire comprend l'§tape consistant 
k afficher une cornparaison d'un motif dinhalation 
rSel d'un patient par rapport k un motif cible pres- 
crit. 



mesurer les valeurs d'au moins les grandeurs 
suivantes : le moment, la date et le motif d'lns- 
piration, pour chaque utilisaition dudH inhalal- 
teur par un patient ; 

stocker lesdites valeurs mesur6es dans des zs 
moyens de microprocesseur incorporSs dans 
ledit inhalateur portable ; 
afficher lesdites valeurs mesur6es dans uniB 
unit§ d'affichage (108) incorpor6e dans ledit 
inhalateur pour fbumir un contrdle interactif au so 
patient ; 

r§cup6rer lesdites valeurs mesur§es dans un 
orclinateur situ6 a distance pour assurer la sur- 
veillance k distance de la compliance ; 
afficher visuellement lesdites valeurs mesu- as 
r6es sur une unit6 d'affichage dudit ordinateur 
situ§ distance pour permettre r6valuation 
d'un effet th6rapeutique dudit m6dicament sur 
ie patient; 

reprogrammer lesdits moyens de microproces- 4o 
seur incorpor§s dans ledit inhalateur k partir 
dudit ordinateur situ§ k distance afin d'optimi- 
ser la compliance k la prise du medicament par 
le patient; 

dftecter si le dispositif est agit§ avant chaque 4S 
actionnement. 

28. Proc6d6 selon la revendication 27. caract6ris6 en 
ce que l'6tape d'affichage visuel desdites valeurs 
mesurSes comprend l'§tape de traitement suppl6- so 
mentaire de valeurs mesur6es spirom6triques choi- 
sies dans lesdits moyens d'ordinateur situ6 k 
distance pour fournir le contrdle d'une r6ponse th6- 
rapeutique d'un patient 

29. Proc6d6 selon la revendication 28, caract6ris6 en 
ce que ladHe 6tape de traitement suppl6mentaire 
comprend I'fetape consistant afficher un motif 
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